A21 year-oldwomanwasfoundtohaveapituitarymacroadenomafollowinganepisodeofhaemophilusmeningitis. Biochemical TSH and GH excess was noted, although with no clear clinical correlates. She was treated with a somatostatin analogue (SSA), which restored the euthyroid state and controlled GH hypersecretion, but she re-presented with a further episodeofcerebrospinalfluid(CSF)leakandrecurrentmeningitis.Histologyfollowingtranssphenoidaladenomectomy revealed a Pit-1 lineage plurihormonal adenoma expressing GH, TSH and PRL. Such plurihormonal pituitary tumours areuncommonandevenmoreunusualtopresentwithspontaneousbacterialmeningitis.ThesecondepisodeofCSF leak and meningitis appears to have been due to SSA therapy-induced tumour shrinkage, which is not a well-described phenomenon in the literature for this type of tumour.
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Learning points:
• • Pit-1 lineage GH/TSH/PRL-expressing plurihormonal pituitary adenomas are uncommon. Moreover, this case is uniqueasthepatientfirstpresentedwithbacterialmeningitis.
• • Inmunohistochemical plurihormonality of pituitary adenomas does not necessarily correlate with biochemical and clinical features of hormonal hypersecretion.
• • Given that plurihormonal Pit-1 lineage adenomas may behave more aggressively than classical pituitary adenomas, accurate pathological characterization of these tumours has an increasing prognostic relevance.
• • Althoughunusual,aCSFleakandmeningitismaybeprecipitatedbySSAtherapyofapituitarymacroadenomavia tumour shrinkage.
Background
Plurihormonal Pit-1 lineage adenomas expressing growth hormone (GH), thyrotrophin (TSH) and prolactin (PRL) are rare (1, 2) . Clinical expression of these plurihormonal tumours varies, as immunohistochemical staining, hormonal hypersecretion and associated clinical features may not necessarily align. Furthermore, bacterial meningitis as first presentation of a pituitary adenoma is also highly uncommon (3).
Although transsphenoidal adenomectomy is still considered the first therapeutic approach in patients with these plurihormonal adenomas (1), the role of somatostatin analogues (SSA) as primary medical therapy in selected cases appears promising (4, 5) . In contrast to the treatment of invasive prolactinomas with dopamine agonists, therapy with SSAs is seldom associated with the development of a cerebrospinal fluid (CSF) leak and/or meningitis (6).
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We report a case of a Pit-1 lineage plurihormonal (GH/TSH/PRL) pituitary adenoma initially presenting with meningitis. On initiation of subsequent SSA therapy, this patient developed a CSF leak and a second episode of meningitis.
Case presentation
A 21-year-old woman was admitted in July 2015 with severe headache, neck stiffness and low back pain. CSF analysis confirmed this to be bacterial meningitis (Haemophilus influenzae). Imaging revealed a mass in the pituitary fossa extending inferiorly into the sphenoid sinus. The patient was treated with standard antibiotics and made a full recovery from the meningitis. On careful review of previous symptoms, the patient reported longstanding frontal headache and fatigue but no other symptoms of a functioning pituitary tumour. She had regular periods on no chemical contraception. Physical examination revealed no overt features of acromegaly, thyroid dysfunction or goitre. Visual fields were normal.
Investigation
Magnetic resonance imaging (MRI) of the sella revealed an anterior pituitary mass measuring 3 × 2.7 × 1.6 cm. The tumour appeared to be centred on the right cavernous sinus with extension to the right sphenoid sinus and mild displacement of the normal pituitary gland and infundibulum to the left side. Although very close to the lesion, the optic chiasm and proximal right optic nerve were not obviously compressed. A high T2-weighted signal in keeping with fluid was apparent on the right side of the sphenoid sinus (Fig. 1) .
Laboratory endocrine evaluation at presentation disclosed central hyperthyroidism in addition to an elevated serum IGF1 ( Table 1 ). The rest of the pituitary function tests were within the normal range. Sex-hormonebinding globulin (SHBG) was 76.7 (34.0-148.0) nmol/L. Other tests to distinguish TSH hypersecretion from resistance to thyroid hormones (RTH) were not performed given emergency presentation, co-secretion of GH and subsequent decision to institute SSA.
Treatment
In view of hormone hypersecretion and the invasive nature of the pituitary tumour, it was decided to treat the patient initially with an SSA ahead of further imaging and likely surgery; lanreotide autogel 120 mg was first administered almost 12 months after the presenting meningitis episode. However, 22 days following the initiation of the SSA, the patient reported a continuous drip from her nose and dull headache. Analysis of the nasal fluid confirmed CSF rhinorrhoea. The patient was admitted to hospital and contrast computed tomography (CT) scanning revealed stable appearance of the pituitary macroadenoma, with no evidence of pneumocephalus or bone destruction. Whilst an inpatient, the patient was managed conservatively and the CSF leak stopped spontaneously. SSA therapy was continued thereafter with lanreotide autogel 120 mg every 4 weeks.
Following the second admission 1 month post initiation of the SSA therapy, the CSF leak essentially ceased with the patient reporting only very occasional episodes of 'dripping'. However, 4 months after initiating the SSA (and therefore having administered a total of four monthly doses of lanreotide autogel 120 mg), the CSF leak recurred and the patient presented with a new episode of bacterial meningitis, confirmed on CSF analysis. After completion of IV antibiotics, a CT cisternogram was undertaken and revealed an osseous defect in the floor of the pituitary fossa with contrast extravasation into the right sphenoid sinus, identifying the source of the CSF leak (Fig. 2) .
The patient proceeded to transsphenoidal adenomectomy and repair of the CSF leak, with no major post-operative complications. At surgery, a breach in the dura, bone and mucosa by the tumour anteriorly and inferiorly was identified as the most likely source of the CSF leak. After exploration of the pituitary fossa, the tumour was removed, and the very thin diaphragm with visible arachnoid and CSF were identified. On attempt at exploring the invaded right cavernous sinus, there was profound bradycardia, and therefore, as the tumour was rather fibrous, it was decided to avoid aggressive resection of the cavernous sinus tumour.
The elevated serum IGF1 normalised, as did the deranged thyroid function (Table 1) with SSA therapy. Normalisation of the latter in response to SSA provides supportive evidence of TSH hypersecretion in this case rather than RTH. Growth hormone day-curves (GHDCs) were performed prior to the initiation of SSA, after 3 months and 16 months post TSA, showing a decrease in hormonal hypersecretion (Table 2 ).
Outcome and follow-up
On light microscopy (Fig. 3) , the tumour sample contained parts of a tumour composed of sheets and pseudoglandular structures of mildly pleomorphic neuroendocrine cells with round nuclei, finely granular chromatin, focally distinct nucleoli and abundant granular cytoplasm, chromophobic on PAS/OG staining. There were no vacuoles or nuclear inclusions. The tumour had the features of a pituitary adenoma, with a raised KI-67 proliferation rate (focally up to 5-10%). Nuclear staining for p53 was weak with rare accentuation. Immunohistochemical staining showed patchy cytoplasmic expression of GH (~30%) with focal TSH (~5%) and PRL (~5%) expression. All tumour cell nuclei were strongly Pit-1 positive. Tumour cells did not express FSH, LH or ACTH. The cytokeratin pattern (Cam5.2) was diffuse (no fibrous bodies present). SSA therapy was discontinued after surgery but restarted 4 months later in view of elevated IGF1/GH and large residual tumour volume. Subsequent IGF1 and GH levels show improvement (Tables 1 and 2 ). Imaging has shown slight reduction in residual tumour volume after 6 months SSA therapy.
At follow-up in April 2018, 16 months after TSA, the patient remains asymptomatic with no new CSF leak or headache. She has persisted with normalised thyroid function, IGF1 and GH levels on lanreotide autogel 120 mg four-weekly. She will be closely followed up given the significant residual tumour and apparently aggressive nature, with the possibility of radiotherapy being required in the future.
Discussion
This case demonstrates the unusual presentation of a Pit-1 lineage plurihormonal pituitary adenoma with bacterial meningitis likely due to subclinical CSF leak, which was subsequently exacerbated by SSA treatment. The initial CSF leak was not clinically obvious (3) but probably resulted from the tumour's extension beyond the sella turcica and subsequent bone erosion. Although CSF rhinorrhoea accompanied by meningitis is a rare first clinical manifestation of invasive prolactinomas (6, 7), it is not associated with presentation of other pituitary adenomas. Thus, our case is highly unusual in being a plurihormonal tumour presenting with bacterial meningitis.
Surgical cure rates are lower in patients with Pit-1 lineage plurihormonal adenomas, as these tumours are large and frequently invasive (1) . Preoperative SSA therapy can induce tumour shrinkage and control hypersecretion (4, 5) , improving general anaesthetic risk and surgical outcomes. In our case, pre-treatment with lanreotide was used to normalise thyroid function and gain tumour control following the meningitis prior to elective surgery. However, the initiation of SSA seemingly led to the unpredicted complication of a CSF leak and recurrent meningitis. The cisternogram revealed a bony defect in the pituitary fossa's floor and the adenoma may have been serving as a 'plug', preventing CSF leakage (6). Thus, tumour shrinkage post-lanreotide likely exposed the defect, leading to CSF rhinorrhoea. This effect is well established with dopamine agonist therapy of prolactinomas but not well recognised with SSAs (6).
The meningitis presentation in this case is likely a reflection of the aggressive nature of this particular tumour. The 2017 WHO classification of pituitary adenomas introduces the concept of 'Pit-1 lineage plurihormonal adenomas', which may behave more aggressively than classical adenomas, previously known as 'silent subtype 3 adenomas' (2). This is supported in our case by histology showing focally significantly raised proliferation rate, which in previous iterations of the WHO would have fallen into the 'atypical pituitary adenoma' category. Highrisk adenomas are those with rapid growth, radiological invasion, and a high KI-67 proliferation index -criteria fulfilled in our case. These factors ensure that this patient will be monitored carefully for growth and recurrence, and it is our prediction that she is likely to need radiotherapy in the future. Histological and radiological classification (9) . This might be partly explained by overexpression of Pit-1, the pituitary specific transcriptional factor which has been found to play a role in cell proliferation in GH-, PRL-and TSH-secreting adenomas (2) . Moreover, in the series of Azzalin et al., all thyrotrophinomas were found to have immunohistochemical expression of at least one pituitary hormone in addition to β-TSH, most commonly the combination of positivity for β-TSH, GH and PRL (10) . Conversely, 13% of GH-secreting pituitary tumours have been shown to demonstrate immunopositivity for TSH (11) .
However, immunohistochemical plurihormonality does not always translate to hormonal hypersecretion. In the thyrotrophinomas series of Azzalin et al., preoperative oversecretion of more than one pituitary hormone occurred in only 25% of cases (10) . Furthermore, such hormonal hypersecretion may not translate into clinical sequelae. In our case, although blood tests showed the tumour secreted both GH and TSH, the patient did not develop clinical features of acromegaly or thyrotoxicosis. The expected elevation in serum SHBG characteristic of thyrotoxicosis may have been attenuated by the presence of concomitant GH hypersecretion (12) . Immunohistochemical analysis showed predominant expression of GH, a pattern that fitted best with the densely granulated cells observed. Despite previous serum evidence of central hyperthyroidism, the minor (~5%) TSH-positivity on biopsy may have been due to low TSH concentration in the adenomatous tissue after SSA treatment, although GH-positivity remained predominant in this context. In summary, we report a case of a Pit-1 lineage plurihormonal pituitary adenoma presenting unusually with bacterial meningitis, most likely due to a subclinical CSF leak. Treatment with an SSA led to an unpredicted (and rare) complication of this therapy in that tumour shrinkage caused a further CSF leak with recurrent meningitis. Our case contributes to the understanding of the clinic-pathological spectrum of the recently described Pit-1 lineage plurihormonal adenomas.
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